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I Review W

Current Status of the Clinical Development of Gene Therapy

Sun-Il Kwon™*

Department of Biomedical Laboratory Science, Deagu Health Science University, Daegu 41453, Korea

The concept of gene therapy is to treat a disease by transferring therapeutic nucleic acids to a patient's cells. It took
several decades from the basic theoretical proposal of gene therapy to the current promising treatment option for some
important human diseases. The encountered adverse effects in the early clinical studies boosted the development of
sophisticated vectors and elaborate clinical designs. The gene therapy is now considered to have the potential to cure
many diseases that are incurable with conventional medications. By the end of 2017, about 2,600 clinical trials of gene
therapy have been performed or are ongoing for a variety of diseases such as cancers, monogenic diseases, cardiovascular
diseases and neurological diseases etc. Here, we present a brief introduction of technical achievement in relation to gene
therapy development, and a review of the current status of global gene therapy clinical development.
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HAANAA a4 Aeks A Fshs WHolvh \Al B
grte] fA| Aol WSk T 14 A
T EE ARYAE FAAARR 5T 5 ok

TR A qehs AR BAS] o= Z=re] Al
719wkt 247] vk APgell whebd g ME a4

2t} $uehs el 5o F5517F ARt
gt Apzel] whet AR 5o HH R Al FE]
© TR B fHEES kL e ooRiew
Tkl Atk 1= FDAC] 73-9-elli= Guidance for Human
Somatic Cell Therapy and Gene Therapy (Mar, 1998)°1| 4] -
AAAZE Fostal At} ©] Guidance?] 'Definition of
somatic cell therapy and gene therapy' -0l 4] "2 AFx] 7
© dolle AlEe FAEES =tk V2% 9n
71E2A, AIEE Aol 2fste] A FosiAL
TS A W= AR ste] fAkE A Rdth A
QoA AES] FAAE FAfste] SAtel A Folsh= A
G AAEA R F FE Ak AR AR, o
W s 54 AR AR F4E ffste] FEY ek
4ej=lo] AkSeretal., 2015).

2 o] eFEZ 5 (European Medicines Agency, EMA)®]|
Mz FAAAEAE ") A MES 24, 4, oA,
F7F = A7) flete] /1Al Fofu= A 3
B FER R Fehs B, (b) FHAARIEA S
A&, o = Adadhs Az it gl oskA
u o] Ade] A Wy Ak o]k Aojrhretal Ao
SHol(Part IV of Annex I to Directive 2001/83/EC) (Seo et al.,
2015).

bel o

X

FUXIX|=H JHE2 M LA

FAAARE A FRAAG BASTA 5}
of ARFHRE thF el ohd X A@st 7Fsd
Atk B ARAF EAsE] GE EHE D39 7]
A 9, 99 FAAE 43S vepsha £457 7
587 WRel GAge) Amol Aol & 5 vk

FAAAZAAE F 74 A2 gl Qizul A%
A4S

B AR A As A, A% FAAE st

(disruption)A] 7]+= =

Fohs AlEel mdstofof shar, AIE o] Sol7bA A}
=]

Ex vivo 8K} MY vs. in vivo 8K MY

FAAA A= AR A2 W2 dgs= 939
w2t ex vivo X BAS} in vivo X BA 2 Yol ZYY Ex
vivo AR A 9] Z9- ALlelA ks 54 A2
=15k SAAIZL Foll o] A E(gene-modified cells)E 3
ko] A= Fogitt Z7]A3E, TAIE, A=A, 21
AEZ Sol Al fdar 94 fste] ARgHT) o] Wy
2 53 o]9e] A7 2F o] F-AR9] ShA wkgste] A
715 off target EVE =Y F = FHo| Aok HESE v}
olgi2 WEIE A4 Aol U of A7)= WP E
HASA 4= ek = Aol FFHE Ak V)5 3
717} 7¥sslr] el 2 et a5 gRr) golsitt
(Lee, 2016).

In vivo AAS) BS AskauA ke fAE Behs

O

K

Al Folsh= WAo|t) o] MRS A|lx2e] S5, g
HjF o] Aoz
Al H1E-S Y dth e AR R
off target E¥}7} WS 7FsAlo] EAstaL 4
Al wpole] = ZHA7F AANRE-S fridsto] FARg-ol
g Ak s WA X sadE dAaAE
AT

Ex vivo 201 in vivo YA 01 FHRXEA]
ol FREHW FAATT M U2 AEE B 243
W wojof sfnw, FHA AGA 7w AR
kel A 7Hd A AR 71 F9 ko] thSeo et al,
2015; Lee, 2016).

b

FEXIXI 22| O] El= MZE

AL FAAARE A3} Balsh Bo] g 42
AE, WSAAE, VREEAEE A T AL

TS AL meby a4 fshs 2k 7l A
oAl A =tk ool whet DNA
W& A wstaal & o, AMHE FAAHA]
A

T Qg wRelA Ao otig

o
1>
>
kel
Ho
2
2
W

= 715AQ FAARE A2
221 ¥ (modification)S 7}sh= Lot} u}
= Al Wishs Sl Al M) o
o] w7t A= AR AR E ATE FAsHAL

ek et QIZke] Ak Mol gk 7 AA QL A%
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= = AlEll(naked plasmid)=
Foldth, FAEdS Alx W2 FYat7] st 1713
3" (electroporation) = AH&-3H7| % Sh=H|, W74 Ao
2 AEe] drHow S FolA FAE A
o 2 9o A (gene gun), Z-S-3}31-3H(sonopora-
tion), A717 ©]-4 =% (magnetofaction)?} > WHE A}
&3l g

=, A8l Ve YEHY e LRAE o]8e)
o] FrHxkE AL, ol& AA| Uloll fFofste] Alxe] ©
2] Z}-8(endocytosis) &2 Al E Uloll =EA]7]= 7]
A A2 ANE AEA 2 AFE-S]= lipofection ¥ o] &3] A}
5L Qv

=4, spehA Wit
Y27t AUE FPuA Forns HAnkgo R <l v
a7F Ao, Abg o] vlad 7hdste] v Hjgo R
A sto] Thsetthe S 7k e vjbtol e
2 e §HAE @] Wil ddo] dajAol
© Zlo] B o R XA F o] vlo|g 2 WEE Wo] AR
HLee, 2016). Blufo]E] = S Wi ow 7H
o] AR8-E= A2 naked plasmid (naked DNA)©|T}, o] W
e ZA o] vlE DNAE Folsto] a2 dases
gt} vlole] WE o) vlste] fa WE Frrt wo
1 Fof7}h 7hsek 9% A o]t

Al AR A &SR] e wlol g ~E o] &5l
plolg] o] b= FAAE Abdsted Ak A% vt
olg]~E RHEAL o]F AA| W2 Folshs WA o] tKSeo
et al, 2015). Hiole]=w= 2palo] 7l 2hdA) EliEel <5
32 W2 golsh Feth SFAE 2 53
AL QR ovlE Bla e de AX R T
AR AT o] gh wlole o] A o
Sk Zlo] vho]| 2 WiE ot} WE & AREH = tisEA <l
Hlo]g] <2 old|i=Hlo] ] (adenovirus), o= FHLo]
2] 2~(adeno-associated virus (AAV)), 3|23 2~H}o]2] X (herpes
simplex virus (HSV)), #E]H}o]2] 2 (lentivirus), ¥A| Y o}H}
o] ] 2~ (vaccinia virus) 5-©| Utk HEHE OS2 ARE-E= vt

olglz= -2 WAool AAH L, Al M 27t

]
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EA7E 27Fsetes Altd Aol

obd|:rtol2 e g4 7Hg wol ALEE Hiole]
Z=o]t}, ofdl|imnelg| iz WiAJo] e o2z
2GS Ftehs H3v|oh A=Y, frdd AT,

=
=84 Y o5 otk WEHE AR E= ofvlen)

E2BS} -2 Aqukg A-EIAE Al

ole] i Ad2, AdS7F TlEA eI dYEgo] Fu £
SO nEAA T o] go] 5] WS frs) &
] S 8}

/g

£ welo@ ol AUk ofe) 7] FRel o @

fu )
=, s A So| YAt AREE I Q)

opel AT o] 2(AAV)E A Hlol sz QIS
FGATIAR, BN 1§ ks Losln Awe
FUEkA) SFEr) AR WERA AAVE RUAE,
URAAE RS AN STl FASA e
A A%E =, FUD B9NE SR Fholw o

A elZo] stk oleld BHOE AAVE FAAA
2o £ WE Fu7} Heh @ 7 we SAA7)

= !

P ERulole] = FARXEA ATl 2F71HE Ab
|E AT HEZto|elaE o] wan, AR 3l
A7 ARel o, FEEE s Al AR
2 o Aot AT AL dh Ak 7t
o] AgE Afele AR 715s AN 5 A,

Axe] 2dR9el Add Ag- s e
CADA AYS, BEY, HIV 7, 359, WAk
T o Aol AREEH AT

#-2~Hl-o] 2 2~(Poxvirus) #E]Q] MVA (modified vaccinia
virus Ankara)'= Ato]E7FRIoIL} oF v 3elS ©hAfste]
Horoul, tiget X5l IAFEE W Folrh e}
olgj~ WHE bkl frakE gAlste] #Hek, Tt

5o B2 dgoz PAAES Aasta Aok

F

o
o

o b1
¥0
o

[l

= O
(oncolytic) HFo]2i2a7t Qle). o] §Xe] wlo]g = {4}
A 54 olQ]ol| = SAEE TAAIAA A
AEE AFEA7) AL, T o GAIE] BYE mE A A A
bl HAANEE A3 7T g3l nlolgjae o
AL Z2o] 7PsetEE 22bg]o] 9ol ok ES

Aedo s AT 2 e ghed) vlolsan
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o 2 fo

o7 Z=H N 3E & Folrk Ayt &=
Hl-o] @ El(Oncolytics Biotech, Inc.)2] #]2-2]4l(Reolysin)
Ak, dAaS T A dFE WEoE AR

T 9tk UhE Smas 550 uehe] e Ak Vimlytics

Ltd.)7} SA}7]8}o] 2] 2~ (Coxackievirus)Q! 7FHFEY(Cavatak)
< 1= H<lello] EB 2AKDNAWiX, Inc.)7} ofl|=Ho] 2

2-Q1 DNX-24015 73413 F©]tH(Choi, 2017).

ol rlo T

FHAX =N 2] ezt AlE S

A Aghe Ad AbolAl 942 Y FHAE
QoA Agaias FAR EE 1972950
Robino] #Fo= FAA ez Agtegivta = & vt
(Friedmann and Robin, 1972).

FARA sl g AT 199010l SelohA A5
SRAH AT thdEA= vl 4] Ashanti DeSilva®
8] 7] 25121 Adenosine Deaminase (ADA) 23 TS5
A A F(ADA-SCID) . & ADA FA7} A s o] Az+sh
AGANAZG S 7L AATk o] A3k AHG7]Ee] A3}
2 F3f bagollA] Aoprter 317 wiell bubble-bag disease
ghae B9t o] xRN E WNdE AT F, 4y
ADA f37HE Ajletal, o] AE=HE ADA 24 A4
= FRIgE Fof Sl Al HEHFIU o] IS W
3k Zof $hxto] WA A= bubble bage] Z& 1S AE
3] 5] A th(Blaese et al., 1995).

FARAEA A vpolg| =5 A2 dEA = AR
PAx 7] ool A e A AR AARE 9k
HIE3E o2 dekow didto] St 1993t
1o} (glioblastoma multiforme) ALE tl/do 2 QQEAfF
APGZRIAL QFE] A2 RNAE ©]83F Aol G305
S TH(Trojan et al., 1993).

19921d9l:= ADA-SCID /gA1E& el 934} ofle]
10 5 290l AIM Ndy Aol YEhA Al
Yol drjHor FuEe do] WA= Atk 1999

o[ = 18M1€] Jesse Gelsinger”} ornithine transcarbamylase

o

{0

[

AT FAARARE Wt w2 AL @Ak, 1
o FDAY PHAIES T 24880 o] k= A
FAAE 7= oftnlolE s WHE FYS $- 4
Thol] npolef 2~z Q1gh wLegh HARES wiitol] Agsl3
20001 3ol P EHARS A 53817] 918ke] vascular
endothelium growth factor-2 (VEGF2)E F3}= U/3A1E
oMM AAE R S5 A7 TSt thA] FDACIA ¢
AR Tl A H A ou= npo]g 27} opd Hjw
A Qb aL 9771 naked plasmid HENZ FHAE &
o= st olefgh d= Qlste] fdAA=
= ob¥ olZth= BAAQ] 7|57 dAH o FAAHA
3, "= FDAE A =0 tisiA] &8]e) dxjol] o)
sto] AFsHAl AR7HE sl WA 2710l ofrl|mnte]
2z WS ARREE AN FARgo] dojur| e
AT o] Fof] dEjuto]H 2 WE, AAV HE 7} JREH
A Fsd QP o] AR E Sl Begk Ak Q)R]
I plEo] AR =] Aee dgto] MAEEA F4
A5 ATt thA] sk

200213 FHAFol A A AERIE F(Sickle cell disease)®]
FAAARRE A g0l ASHAT EdRo] HbSO 59
< "H= betaA globin frHARE #ERfe] 2 2ol €& T3,
A A AFFAEAA FAAZ =, W] A
o] A= o] WulaA LFECHPawliuk et al., 2001).
A2 Aol A B Yolrt FAAA] gAl A Al
= g e A HxE et AR EAlE Tl

ST T BT 2003 ot iento] 2
= 2 3 T X EA|2 Gendicines 513}
%L, 2005 del:= 83l Hko]#| 22?1 Oncorines HIS1F%

= Atk e FAAAEARZE 20041300
gtEH]olo 4] ECHO-7 virusE 7|WHO.= & SA1E XS4
RIGVIR7} 59152132, 200730l B ]2l A] retrovirus 7]
nke] kel #Aet vhele s X EA| Rexin-G7} 5<1%]
k. zze]ar 20119l #Alotell A plasmid VEGF 7]5HE]
L5 $X| 5 4] Neovasculgen©] 317F= let. 1ejit
o] AFEL S AuAR QWA Kapal BT A=
ol ARt g4 0 2 AREE ATKSeo et al., 2015).

=2l 75e F5ohe AR Hxo et
FrAAA EA = 20120 G @A &7k =2t
(Glybera, alipogene tiparvovec)2til & 4= o). SHlel=
Akl x] 4 53] & 2x(lipoprotein lipase (LPL)) +-7HA-& 7}
7 o}d)| 1= Tuto] 2] 2~(adeno-associoated virus, AAV)S 7

ko 2 it} FEehs 7154 LPL 23 5o2 AHht

)

S ox

jale
2,
>
£
i)

I
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FaAE 2A Xd%f&WScon 2015).

A % ‘ﬂ/‘}(AmgenV} ol—/\-]qtlo]po olxé
SAFS X Bk A B (Imlygic, talimogene laherparepvec
52 Twved) o2 W= FDAYIA &71E wilt) ]2l
herpes simplex virus type 12 ©]-8-3}01 LAEE ALEA]T]
© oH&3l vhelE = Jide] A|EAlolt) o] sl nle]
Ulel| Al FA|Eo] MEHEA HAEE H
E X APEAIZITKConry etal., 2018).

20161 d90= ~E ] ~(Strimvelis) 2} 23 2FAK(Spin-
raza, nusinersen)”} 5 IE ATE S AP AZERJIAKGSK)
o] 2EwWe] = ADA-SCID $H2e] AR5 98 9
European Medicines Agency (EMA)OIA 591-& Wit}

A} 2elo] F71ME(CD34+ ZHRAE) dFE #3)
WaL mpojef H“Eig“ o]-g3l 71743 ADA #F%12+] copy
Yatsiet. olojA 4#%1 ADAT}

Aol A HE:H T 3’4’@%
o] WAL MEE ywto R 3 3k} sl ot W
%] & o] t}(Stirnadel-Farrant et al., 2018).

2yepRl= wl= ofo] 9 U A 9ulerE] Z Z(lonis Pharma-
ceuticals)”} 7HE3=d] 2016'd 129 Wv|=F FDAA &=
4] T-9]%%(Spinal Muscular Atrophy (SMA)) X #A| 2 <
Y530k AlAl #HZxe] RNA A 8AZ 7|55=1)
A8A7F AZs7] = premRNAS A'Fsict A
291&Z= 32} SMN1 S22 SdAdoy 24
lste], FEABAEY 173 715& A8k SMN
FHHAAE S SAEANE S SIS ArkshA] &
SHCE SMN2 A= SMN1 f-7d2ke] wWig] A3ks &1~
7 SMN2 712k SMN Tl ALk 10%] =2st

FZ30) ~HeAE SMN2 -4} pre-mRNAS] QIE
2 79] ISSNI $X|o Astsle] full length SMN2 mRNA
E AAseS freste] SMN e AAES F7HA|
Z1tH(Lee, 2017a; Paton, 2017; Spinraza homepage, 2018).
2017:d0l5= 3F9] FAAARBAIZE M= FDAS] S9l&
Elsies

1=HHE] 2~ A (Novartis) 2] % 2] ©HKymriah, tisagenlecleucel)
= AA Hze 7idel FY FEA T A2 X SA|(Chi-
meric antigen receptor T cell (CAR-T))Z 1] FDAOIA
2017 89 RIS Wkt Aok Ao T AXE A
Fg Fol, 3kl D19 FLE 7H WHAPAEE 14
o2 A3 APEAP =S g 7lvet e 8]
sk #dAE T /\ﬂ.‘?tOﬂ Q19 5o, 0|5 o] #A)

e QhA|E

il

Lo A 2
-0 031 F}‘N ﬂllO

o)

I‘

o X

AT

oA Fs o] AFA} TS B
s} o] CARTE 84 m%;— A=A

slf?ﬁ
U\EFE
o o
o
—
I
o,

=R 34?/‘4 Hngtﬂ ﬂx]"g gk A 5AZ FA=Ack
wHHE 2= FlEotks
Al B AIE HEF
| A e R L%E

release syndrome)1Ell, oF Ante] FxEo AlA e oL
o] dAIA oAl X 57t 7Hs S THLee, 2017b; Liu et
al., 2017).

78] o) =AKGilead Science)oll 28 2145 Flo] Evjn}
(Kite Pharma)2] o] 2~7}EK Yescarta, axicabtagene ciloleucel)”}
1= FDACNA] 20179 849 51%U=H] CAR-T 2|54
2A 5 WAootk ol 2Tbes ko] T AEE A|Q]olA
FRAZAse] CD28%} CD3-zeta co-stimulatory domains”}
172 % anti-CD19 CAR T-A| 2 WHELE o] AlEe thA
3xjol| A Fo= CDI9E Wds= ¥4 OW]E Q14
&tal A A Anti-CD19 CAR T-A1E7} CD19E sl
B4 dAxet A= CD28F CD3-zeta co-stlmulatory
domains”} 3HF9] AEZAGEANE EAsIAIITE TH
T ‘ﬂﬁJ} ﬂ**ﬂE]J- SAEHH, AP ETRIS WEHHA

dshs AEE Sol/l k. d2vbes HAl
Aol mjukd At) B Al ©ZZ(DLBCL),

d 4% Adl B AXZ HXZEPMBCL), 15+ B
AE HEF, AXEFA DLBCLE X8k Hﬂﬁ&l &
EHIZHTFL) WIS AT B B84 7d B Al
X HEZES oe A FAE o E 3 ARAE S
Q1= A(Roberts et al., 2017).

293 HE}578 2 (Spark Therapeutics)AF2] 2] =L
(Luxturna, voretigene neparvovec-rzyl)7} 201713 129 7
x| ZA R W)= FDACA S1HTE HAEUE o]
Y- 214 (biallelic) RPE65 &1 o]} o1 whabr]
E 2 9|(retinal dystrophy)E 9 S i ow @3]F
o3t AR EA ot RPE6S A= AAA/1 A
g 93l st g4F IYsied 298l Al a4
2igo] AU Aofsf Aol Aot 2l
= A4 PE6S frA1AFE ot viulte]g 2 WE S o]

8319 gopiel 29 Aesiel P AT 03

ol Aurg

ol thEk 5714 %‘ﬂz A8 5ol

Aolglts uAlETL FEE Aol
& 4 gluh B AR S04 w4,

FAHE thdom Ao B3 3



Aoldd oy 2 X85 918 ooRE /e A sk
L2 o] FFioldd SFHAPE ulg-AE ol
A& 52 HEES S AATHLee, 2017c; Ameri,
2018).

ofe] 71 FHARZA7L oA v} fielA] Sl
ol ZRIEHA FHAX 2A0] AT Adte] AAH R
StjElo7kar Aok KA EA) A o] Al b e
EoA g ol Sojytia HribEar gk

SERIXIEA S| UL S

RUXIX 2 2 sEF2d 244(2010-2017)

FAAR5A L] Mg FEE shEEd 75 Pub-
Med (PubMed, 2018)E ©|-&-3}to] 433l Tt PubMed®]
advanced search® ©]-8-3Fo] 7 Ao] gene therapy [all field]
2 AxEE o] 20100 5E 20179704 A ST
201013 18,1617 2016\ 2822571 0.2 FA AL 84
A F7F dZE <F 1,0000014 2,000097 = H
7Valih =] 7 FAIE B o F3A4A
ofe] A Jldke] HF3] A &Aoo R AJAear 2l
2 Helr)

i
N M

2

oo
ol

P
[o Mz o

¢

FUXIK|ZHIS| UHAIR S 215(1989-2017)

The Journal of Gene Medicine®l| A= A|AX 0.2 3715 A
w, 218 o)A, $uE A =2 JAISe] Al
Al FAAR 5 9/ A3 25 (Gene Therapy Clinical Trials
Worldwide)E 315} 91THGene Therapy Clinical Trials
Worldwide homepage, 2018). 19891 28 F-x =42 24 <
Aol FoE olg & 2017\ 11L97HA] & 2,597719]
QA g o] Fl= AT 200013 tHoll EojA] A7F oF 1007
Aro] AR AR EA DAl SRAEAAL Q)
om, 20159 1697, 201600 1187, 2017\l =
132719] A EA] dAT7F AAIA o2 S1E ATk
AGAIF o] Fl% AR EA| data= PIAIF O] 4738
H U5 7L Easte 485, AREE Ak kA,
Add A8, PAE @A, 317F 2 JiAlE QPA
3 714719891d-20179)9} 22 7o =2 st Al
w3 Tk

AIAE AFE B F 2,597 F ohdlElvt
o] 1,68571(64.9%)= FE=AQ 5 A g} 1

HSE REXIXIZA AR S2 244(1989-2017)
E

SO0 2 {70l 60271(23.2%), oFroF7t 16871(6.5%), &
T 347(1.3%), °FZ 77 673(0.2%)S 2HA ST o
T4 AN F-E 1027(3.9%)°1 AT} FAAA H = Big
Pharma”} @o] ZX3 gl HrldiFa fellA Aol o

el QAo ol FolAaL 9l

=71 & FREXIXIZN LAl

net

S92l 242~(1989-2017)

AIAIE 91 s I7PER AR o] 1,643
7(633%), B=ro] 2217A(8.5%) 0.2 Al 9= B
o]al FYo] 9271(3.5%), Tl 847132%) 2= FE 9
Ik I g o ®E EEks 5971(2.3%), 292 507
(1.9%), 3 4471(1.7%), W'ET= 3771(1.4%), =20 32
7(0.5%), oleglo} 2871(1.1%), Wt} 2771(1.0%) =012
t}h 38 2071 0. 2(0.8%) 14919 2217} gk
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Table 1. Indications Addressed by Gene Therapy Clinical Trials
(1989-2017)

Gene therapy clinical trials

Indications
Number %
Cancer diseases 1,688 65.0
Cardiovascular diseases 180 6.9
Gene marking 50 1.9
Healthy volunteers 56 22
Infectious diseases 182 7.0
Inflammatory diseases 15 0.6
Monogenic diseases 287 11.1
Neurological diseases 47 1.8
Ocular diseases 34 1.3
Others 58 22
Total 2,597 100.0

Source: http://www.abedia.com/wiley/indications.php (updated Nov.
2017)

, 3 5ol FAE tHDunbar et al., 2018).

HABA AR AT = TR SIS, dEstolH,
P AT oA vk AHEE = HH

= AAV, HEmfo|2] s, Y EZnFo] 2|2, naked plasmid
o] Stk HAZAAZ A= RS 7= AR
g g7t wd, Bujeles ato] AsavE yE
= vk Aol wel Fojshs Aol dEkA dx
wup SIER0] Ae H 2o FARIL Faig
W3] 49 5ol AL (Lee, 2016; Hong et al,
2016; Abbasi, 2018; Saudemont et al., 2018; Tosoloni and Smith,
2018).
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47571(18.3%), adeno-associated virus 20471(7.9%), lentivirus
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plasmid7} 42971(16.5%) . % 7} @o =2 2}A|33ith
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571(0.2%), antisense oligonucleotide A}-8-°] 671(0.2%)°] A
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FAAR A DA AEE FAAF B2 AR
= Aol e} ok v RV TFFSISIT Antigen©]
49871(19.2%), cytokine®] 37571(14.4%), receptor’} 30171
(11.6%) .= 7Hd Wo] AREEATE 1 oo =2+ Ay
A 22171(8.5%), growth factor 18371(7.0%), tumor sup-
pressor 18171(7.0%), suicide gene 17571(6.7%), replication
inhibitor 9671(3.7%), marker 5571(2.1%), oncolytic virus 5271
(2.0%), transcription factor 3571(1.3%) &-°] AF&-= At} A&
2] 7d--ol| antisense, cell cycle, hormone, oncogene regulator,
porins, ion channels, transporters, ribozyme, siRNA 5©| A&

= Ak
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Table 2. Phases of Gene Therapy Clinical Trials (1989-2017)

Gene therapy clinical trials
Phase

Number %
Phase I 1,476 56.8
Phase I/IT 544 20.9
Phase 11 445 17.1
Phase II/I11 25 1.0
Phase IIT 98 3.8
Phase IV 3 0.1
Single subject 6 0.2
Total 2,597 100.0

Source: http://www.abedia.com/wiley/phases.php (updated Nov.
2017)

A 591 749-= 37100 th(Table 2).
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